Glutamine synthetase activity and glutamine content in brain: modulation by NMDA receptors and nitric oxide.
Acute intoxication with large doses of ammonia leads to rapid death. The main mechanism for ammonia elimination in brain is its reaction with glutamate to form glutamine. This reaction is catalyzed by glutamine synthetase and consumes ATP. In the course of studies on the molecular mechanism of acute ammonia toxicity, we have found that glutamine synthetase activity and glutamine content in brain are modulated by NMDA receptors and nitric oxide. The main findings can be summarized as follows. Blocking NMDA receptors prevents ammonia-induced depletion of brain ATP and death of rats but not the increase in brain glutamine, indicating that ammonia toxicity is not due to increased activity of glutamine synthetase or formation of glutamine but to excessive activation of NMDA receptors. Blocking NMDA receptors in vivo increases glutamine synthetase activity and glutamine content in brain, indicating that tonic activation of NMDA receptors maintains a tonic inhibition of glutamine synthetase. Blocking NMDA receptors in vivo increases the activity of glutamine synthetase assayed in vitro, indicating that increased activity is due to a covalent modification of the enzyme. Nitric oxide inhibits glutamine synthetase, indicating that the covalent modification that inhibits glutamine synthetase is a nitrosylation or a nitration.Inhibition of nitric oxide synthase increases the activity of glutamine synthetase, indicating that the covalent modification is reversible and it must be an enzyme that denitrosylate or denitrate glutamine synthetase.NMDA mediated activation of nitric oxide synthase is responsible only for part of the tonic inhibition of glutamine synthetase. Other sources of nitric oxide are also contributing to this tonic inhibition. Glutamine synthetase is not working at maximum rate in brain and its activity may be increased pharmacologically by manipulating NMDA receptors or nitric oxide content. This may be useful, for example, to increase ammonia detoxification in brain in hyperammonemic situations.